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Experimental 

Crystal data 

C 16 H 12 N 2 OS 2 
M, = 312.40 
Monoclinic, P2Jc 
a = 14.929 (2) A 
b = 5.9086 (8) A 
c = 17.071 (3) A 
P = 104.030 (14)° 

Data collection 

Oxford Diffraction Xcalibur Eos 

diffractometer 
Absorption correction: multi-scan 

(CrysAlis PRO; Oxford 

Diffraction, 2007) 

7mi„ = 0.712, r mai = 1.000 

Refinement 

R[F 2 > 2a(F 2 )] = 0.049 

wR(F 2 ) = 0.165 

5 = 1.09 

2625 reflections 

210 parameters 



V = 1460.9 (4) A 3 
Z = 4 

Mo Ka radiation 
li = 0.36 mm~' 
T = 173 K 

0.35 x 0.25 x 0.15 mm 



4822 measured reflections 
2625 independent reflections 
1626 reflections with / > 2a(l) 
R m , = 0.052 



10 restraints 

H-atom parameters constrained 
Ap max = 0.33 e A~ 3 
Ap mi „ = -0.31 e A~ 3 



In the title compound, C 16 H 12 N 2 OS2, the dihedral angles 
between the mean planes of the central thiourea core and the 
thiophene ring and the naphthalene ring system are 1.8 (2) 
and 6.45 (18)°, respectively. The molecule adopts a trans-cis 
conformation with respect to the position of thiophenoyl and 
naphthyl groups relative to the S atom across the thiourea C— 
N bonds. Both the thiophene ring and the sulfanylidene S 
atom are disordered over two sets of sites with occupancies of 
0.862 (3):0.138 (3) and 0.977 (3):0.023 (3), respectively. An 
intramolecular N— H- ■ O hydrogen bond is observed. The 
crystal packing features two N— H- ■ S hydrogen bonds. 

Related literature 

For heterocyclic thiourea derivatives, metal complexes and 
their applications, see: D'hooghe et al. (2005); Aly et al. (2007); 
Estevez-Hernandez et al. (2007); Saeed et al. (2008a, b,c). For 
related structures, see: Singh et al. (2012); Koch (2001); Perez 
et al. (2008). For the synthesis, see: Otazo-Sanchez et al. (2001). 




Table 1 

Hydrogen-bond geometry (A, °). 



D-H-A 




D—H 


H- ■ A 


D- ■ A 


D-H-A 


Nl-Hl/t- 


■Ol 


0.88 


1.86 


2.615 (3) 


143 


N2-H2A- 


■S2B 


0.88 


2.57 


3.026 (14) 


113 


N2-H2A- 


■S1A' 


0.88 


2.56 


3.41 (4) 


164 


N2-H2A- 


■sib' 


0.88 


2.80 


3.557 (3) 


145 



Symmetry code: (i) — x + 2, — y + 1, — z + 1. 



Data collection: CrysAlis PRO (Oxford Diffraction, 2007); cell 
refinement: CrysAlis PRO; data reduction: CrysAlis PRO; 
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); 
program(s) used to refine structure: SHELXL97 (Sheldrick, 2008); 
molecular graphics: SHELXTL (Sheldrick, 2008); software used to 
prepare material for publication: SHELXTL. 

DPS and SP are grateful to Banaras Hindu University, 
Varanasi, for financial support. RJB acknowledges the NSF- 
MRI program (grant No. CHE0619278) for funds to purchase 
the X-ray diffractometer. SKG wishes to acknowledge the 
USIEF for the award of a Fulbright-Nehru Senior Research 
Fellowship. 



Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: BQ2371). 
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1 -(Naphthalen-1 -yl)-3-[(thiophen-2-yl)carbonyl]thiourea 
Durga P. Singh, Seema Pratap, Sushil K. Gupta and Ray J. Butcher 

Comment 

Aroylythiourea and its derivatives are an important class of organic compounds due to their ability to form a variety of 
heterocyclic compounds (D'hooghe et ah, 2005) and metal complexes that can be used as ionophores in potentiometric 
and amperometric sensors (Aly et ah, 2007; Estevez-Hernandez et ah, 2007) and as epoxy resin curing agents and 
accelerators (Saeed et ah, 2008a, 2008ft, 2008c). The title compound, A r -(naphthalen-l-yl)-3-oxo-3-(thiophen-2- 
yl)propanethioamide is an important precursor with O and S as potential donor sites, and can be used to form 
heterocycles and metal complexes. We have reported recently the synthesis and crystal structure of methyl 2-(thio- 
phene-2-carboxamido)benzoate (Singh et ah, 2012). We herein report the synthesis and crystal structure of the 
biologically active title compound. 

In the title compound (Fig.l) the bond lengths and angles are within the ranges observed for similar compounds (Koch, 
2001; Perez et ah, 2008). The Cll— SIB [1.661 (3) A] and C12— 01 [1.230 (3) A] bonds show typical double-bond 
character. However, the C— N bond lengths, C12— N2 [1.376 (4) A], Cll— Nl [1.326 (4) A], Cll— N2 [1.397 (4) A] 
and CI — Nl [1.419 (4) A] are all shorter than the normal C — N single-bond length of about 1.48 A and indicate some 
degree of derealization. The central thiourea fragment (N1/C11/N2/C12/01) makes a dihedral angle of 2.03 (41)° with 
the major part of the 2-thiophenoyl group (S2/C13/C14/C15/C16) and 6.51 (16)° with the naphthalene ring 
(C1/C2/C3/C4/C5/C6/C7/C8/C9/C10), respectively. Thus, the conformation is almost planar and adopts a trans-cis 
configuration with respect to the position of the thiophenoyl and naphthyl groups relative to the S atom across the thio- 
urea C — N bonds. This geometry is stabilized by both an Nl — Hl—Ol intramolecular hydrogen bond and two 
intermolecular N — H— S hydrogen bonds (Fig.2). In addition, both the thiophene ring and the thio S are disordered over 
two positions with occupancies of 0.862 (3)/0.138 (3) and 0.977 (3)/0.023 (3), respectively. 

Experimental 

The title compound was synthesized according to a previous report (Otazo-Sanchez et ah, 2001), by converting furoyl 
choride into furoyl isothiocyanate and then condensing with a-naphthylamine. The resulting solid product was 
crystallized from ethanol yielding X-ray quality single crystals (M.P.: 459 K). Anal. Calc. for Ci 6 Hi 2 N 2 OS2 (%): C, 61.51; 
H, 3.87; N, 8.97. Found: C, 61.20; H, 3.80; N, 9.10. 

Refinement 

HI was located by a Fourier map and refined isotropically. All of the remaining H atoms were placed in their calculated 
positions and then refined using the riding model with Atom — H lengths of 0.93 A (CH). Isotropic displacement 
parameters for these atoms were set to 1 .20 (CH) times U eq of the parent atom. Both the thiophene ring and the thio S are 
disordered over two positions with occupancies of 0.867 (3)/0.133 (3) and 0.84 (3)/0.16 (3), respectively. 
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Computing details 

Data collection: CrysAlis PRO (Oxford Diffraction, 2007); cell refinement: CrysAlis PRO (Oxford Diffraction, 2007); 
data reduction: CrysAlis PRO (Oxford Diffraction, 2007); program(s) used to solve structure: SHELXS97 (Sheldrick, 
2008); program(s) used to refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: SHELXTL (Sheldrick, 
2008); software used to prepare material for publication: SHELXTL (Sheldrick, 2008). 




Figure 1 

Molecular structure of the title compound (major component only) showing the atom labeling scheme and 30% 
probability displacement ellipsoids. Dashed lines indicate an intramolecular N — H-0 hydrogen bond. 
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Figure 2 

Crystal packing for the title compound viewed along b axis. Dashed lines indicate intramolecular N — H-0 and 
intermolecular N — H-S hydrogen bonds. 

1 -(Naphthalen-1 -yl)-3-[(thiophen-2-yl)carbonyl]thiourea 



Crystal data 

C I6 H 12 N 2 OS 2 
M r = 312.40 
Monoclinic, P2\lc 
a = 14.929 (2) A 
b = 5.9086 (8) A 
c= 17.071 (3) A 
P= 104.030(14)° 
V= 1460.9(4) A 3 
Z=4 



F(000) = 648 

D x = 1.420 Mgnr 3 

Mo ATa radiation, 1 = 0.71073 A 

Cell parameters from 1 1 74 reflections 

6 = 3.3-27.3° 

,« = 0.36 mnT 1 

T= 173 K 

Prism, colorless 

0.35 x 0.25 x 0.15 mm 
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Data collection 

Oxford Diffraction Xcalibur Eos 

diffractometer 
Radiation source: Enhance (Mo) X-ray Source 
Graphite monochromator 
Detector resolution: 16.0938 pixels mm" 1 
co scans 

Absorption correction: multi-scan 

(CrysAlis PRO; Oxford Diffraction, 2007) 
7^ = 0.712,7^= 1.000 

Refinement 

Refinement on F 2 

Least-squares matrix: full 

RIF 2 > laiF 1 )] = 0.049 

wRiF 2 )^ 0.165 

S = 1.09 

2625 reflections 

210 parameters 

10 restraints 

Primary atom site location: structure-invariant 
direct methods 



4822 measured reflections 
2625 independent reflections 
1626 reflections with I > 2o(I) 
R mt = 0.052 

^max 25.5 , $min 3.7 

A = -18->10 
k=-6^1 
/= -17^20 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = ll[a\F 0 2 ) + (0.058P) 2 + 0.3695P] 

where P = (F 2 + 2F 2 )/3 
(A/(7) max < 0.001 
A/w = 0.33 e A" 3 
A y o min = -0.31 e A~ 3 



Special details 

Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance 
matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; 
correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate 
(isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , 
conventional 7?-factors R are based on F, with F set to zero for negative F 2 , The threshold expression of F 2 > a{F 2 ) is used 
only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for refinement, ^-factors based on F 2 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


U- *ITJ 

^iso ' <-^eq 


Occ. (<1) 


S1A 


0.962 (3) 


0.732 (11) 


0.421 (4) 


0.0764 (5) 


0.023 (3) 


SIB 


0.98334 (7) 


0.6323 (3) 


0.38685 (9) 


0.0764 (5) 


0.977 (3) 


S2A 


0.66455 (8) 


-0.0348 (2) 


0.46547 (8) 


0.0582 (4) 


0.862 (3) 


C13A 


0.7707 (3) 


0.0902 (7) 


0.4715 (3) 


0.0404(11) 


0.862 (3) 


C14A 


0.8378 (4) 


-0.0413 (13) 


0.5210(5) 


0.0655 (19) 


0.862 (3) 


H14A 


0.9018 


-0.0083 


0.5310 


0.079* 


0.862 (3) 


C15A 


0.8041 (4) 


-0.2228 (11) 


0.5543 (4) 


0.0655 (15) 


0.862 (3) 


H15A 


0.8419 


-0.3270 


0.5900 


0.079* 


0.862 (3) 


C16A 


0.7114(4) 


-0.2380 (12) 


0.5309 (6) 


0.0695 (14) 


0.862 (3) 


H16A 


0.6765 


-0.3515 


0.5496 


0.083* 


0.862 (3) 


S2B 


0.8612(8) 


-0.036 (2) 


0.5239 (9) 


0.0582 (4) 


0.138 (3) 


C13B 


0.7593 (17) 


0.051 (5) 


0.4590 (19) 


0.0404(11) 


0.138 (3) 


C14B 


0.6895 (17) 


-0.046 (5) 


0.488 (2) 


0.0655 (19) 


0.138 (3) 


H14B 


0.6294 


0.0174 


0.4803 


0.079* 


0.138(3) 


C15B 


0.716(2) 


-0.242 (7) 


0.530 (4) 


0.0655 (15) 


0.138 (3) 


H15B 


0.6767 


-0.3658 


0.5338 


0.079* 


0.138 (3) 
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CI or* 


A QC\H ( r )\ 

0.80/ (2) 


-0.233 (7) 


U.50D (3 ) 


A A^OC / 1 A\ 

U.(JOV5 (14) 


0.138 (3) 


H16B 


0.8373 


-0.3273 


0.6097 


0.083* 


A 1 O O /T \ 

0.138 (3) 


Ol 


o.69 /zi (14) 


n ^qo 

w. 3 jy\J 


(j) 


A 1 1 H A 1 ( 1 A \ 

0.3 /691 (14) 


A AC A £L ( £L\ 

0.0546 (6) 




XT1 


0. /98 / 1 (16) 


0 6776 

W.O / ZD 


(d\ 

(V 


0.33310 (lo) 


A A/1 A A fH\ 

0.0440 ( /) 




T T 1 A 

H1A 


A H A £^ 

0.7462 


\J.O\JyH 




ATT /^A 

0.3360 


A ACT Sk 

0.053* 




JN2 


0.85320 (lo) 


0 ^884 


(A\ 
\V 


0.42315 (lo) 


A A A CO (H\ 

0.0452 (/) 




t n a 

H2A 


A A AAA 

0.9009 


n t*oo 




A A C~IC\ 

0.4579 


A A C A sk 

0.054* 




CI 


u. /5 /y (z) 


0 8677 


\ D ) 


A OOAOC /1 A^ 

0.28085 (19) 


A A A 1 O /Q\ 

0.0432 (8) 




L2 


A O C O A 

0.8584 (2) 


1 0074 

1 .WW / H 


\p) 


0.2753 (2) 


A AC A 1 / A\ 

0.0541 (9) 




Hz 


0.9190 


O Q77/1 




a 1 AC A 

U. 31)54 


A A/CC * 

U.U65* 




C3 


a Q/1 A1 

U.84U1 (3) 


1 1 Q8S 

1 . 1 70J 


{->) 


0.ZZ55 (Z) 


A ACOC /1 A\ 

U.U585 (ID) 




H3 


A O O A A 

0.8894 


i .zy i j 




A 

0.2223 


0.070* 




C4 


A TC1*7 /1A 
U. / 53 1 (3) 


1 94^,4 




n ion /oa 
0. 181 / (2) 


A ACTA /OA 

0.05 /0 (y) 




T T A 

H4 


a n A^C\ 

0.7429 


1 . 3 1 1 O 




A 1 A AO 

0.1492 


A A/^Ostc 

0.068* 




C5 


0.6798 (2) 


1 0Q07 

1 .U77 / 


\->) 


0.1838 (2) 


A A A HO /0\ 

0.0468 (8) 




Co 


A C AA 1 /") \ 

0.5901 (3) 


1 1 497 
1 . 1 ^+Z / 


yp) 


A 1 T /" O /I \ 

0.1368 (2) 


A Af O A /1 a\ 

0.0594 (10) 




rlo 


A CTOO 

0.5 /8o 


1 9741 
1 .Z / H 1 




A 1 Al Q 

0.1038 


A A*7 1 * 
0.0 / I * 




C7 


A C 1 O A /") \ 

0.5189 (3) 


0 QQ81 
W. Wo 1 




0.1379 (2) 


A A/"C A /1 1\ 

0.0659 (11) 




T T*7 

H7 


a /i con 

0.4587 


1.0297 




A 1 AzT A 

0.1060 


A A*7A* 

0.079* 




Co 


A C 1 AH f n l\ 

0.534/ (2) 


0.8048 


(6) 


U.185 / (Z) 


A ACT /I ( 1 A\ 

0.05 /4 (10) 




XJS? 

no 




0.7044 




n 1 8so 


vj.vjoy 




C9 


0.6200 (2) 


0.7578 


(5) 


0.2319(2) 


0.0494 (9) 




H9 


0.6291 


0.6249 




0.2642 


0.059* 




CIO 


0.6962 (2) 


0.9031 


(5) 


0.23326 (19) 


0.0416(8) 




Cll 


0.8727 (2) 


0.5719 


(5) 


0.37841 (19) 


0.0434 (8) 




C12 


0.7696 (2) 


0.2864 


(5) 


0.4203 (2) 


0.0433 (8) 




Atomic displacement parameters (A 2 ) 






U 22 


U 33 


JJ12 


U 13 


U 23 


S1A 


0.0282 (5) 


0.1166(10) 


0.0801 (9) 


-0.0049 (6) 


0.0048 (5) 


0.0291 (8) 


SIB 


0.0282 (5) 


0.1166(10) 


0.0801 (9) 


-0.0049 (6) 


0.0048 (5) 


0.0291 (8) 


S2A 


0.0543 (7) 


0.0566 (6) 


0.0598 (9) 


-0.0107 (6) 


0.0061 (5) 


0.0071 (6) 


C13A 


0.0405 (19) 


0.035 (2) 


0.041 (2) 


-0.0003 (16) 


0.0015 (16) 


-0.0068 (18) 


C14A 


0.057 (4) 


0.064 (3) 


0.077 (4) 


0.000 (3) 


0.020 (4) 


-0.010(2) 


C15A 


0.091 (4) 


0.048 (2) 


0.051 (3) 


0.023 (3) 


0.004 (3) 


0.006 (2) 


C16A 


0.090 (4) 


0.053 (3) 


0.063 (3) 


-0.015 (3) 


0.015 (3) 


0.002 (2) 


S2B 


0.0543 (7) 


0.0566 (6) 


0.0598 (9) 


-0.0107 (6) 


0.0061 (5) 


0.0071 (6) 


C13B 


0.0405 (19) 


0.035 (2) 


0.041 (2) 


-0.0003 (16) 


0.0015 (16) 


-0.0068 (18) 


C14B 


0.057 (4) 


0.064 (3) 


0.077 (4) 


0.000 (3) 


0.020 (4) 


-0.010(2) 


C15B 


0.091 (4) 


0.048 (2) 


0.051 (3) 


0.023 (3) 


0.004 (3) 


0.006 (2) 


C16B 


0.090 (4) 


0.053 (3) 


0.063 (3) 


-0.015 (3) 


0.015 (3) 


0.002 (2) 


01 


0.0340(12) 


0.0537 (13) 


0.0694 (16) 


-0.0034(10) 


-0.0006(11) 


0.0150(12) 


Nl 


0.0286 (13) 


0.0453 (14) 


0.0541 (17) 


-0.0030(11) 


0.0021 (12) 


0.0007 (13) 


N2 


0.0302 (13) 


0.0547 (15) 


0.0472 (16) 


0.0030 (12) 


0.0026(11) 


0.0113 (13) 


CI 


0.0381 (17) 


0.0383 (15) 


0.0503 (19) 


-0.0019 (14) 


0.0050 (14) 


-0.0047 (14) 


C2 


0.0455 (19) 


0.0503 (18) 


0.067 (2) 


-0.0095 (16) 


0.0136(17) 


-0.0035 (17) 


C3 


0.063 (2) 


0.0504(18) 


0.068 (2) 


-0.0188 (18) 


0.0281 (19) 


-0.0075 (18) 


C4 


0.072 (2) 


0.0452 (17) 


0.059 (2) 


-0.0030(19) 


0.0254 (19) 


0.0032 (16) 


C5 


0.0516(19) 


0.0406 (16) 


0.050 (2) 


0.0058 (16) 


0.0165(16) 


-0.0023 (15) 
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Co 


a a^o Z'")'* 
U.Uoz (Z) 


A ACT ZO\ 

U.ID / (z) 


A ACO /'OA 

u.usy (Z) 


A A1 K (\ (\\ 

U.U1 id (ly) 


A A1 At. 1 \ A\ 

U.U140 (ly) 


A A 1 C£ (\ (A 
U.U130 (15) 


C / 


U.UM (2) 


A ATC 

U.U/3 (z) 


U.U6 / (3) 


A A 1 O /^)\ 

U.Uls (z) 


U.UvbZ (19) 


A A 1 "7 ZO\ 
0.U1 / (Z) 


C8 


0.0409 (19) 


0.064 (2) 


0.065 (2) 


0.0007 (17) 


0.0078 (17) 


0.0111 (19) 


C9 


0.0421 (18) 


0.0506 (17) 


0.052 (2) 


-0.0010(16) 


0.0044 (15) 


0.0080(16) 


CIO 


0.0387 (17) 


0.0380 (15) 


0.0477 (19) 


0.0024 (14) 


0.0092 (14) 


-0.0061 (14) 


Cll 


0.0342 (16) 


0.0593 (18) 


0.0356 (17) 


-0.0004(15) 


0.0065 (13) 


0.0002 (15) 


C12 


0.0322 (16) 


0.0423 (16) 


0.0513 (19) 


0.0028 (14) 


0.0023 (14) 


-0.0017(15) 



Geometric parameters (A, °) 



SI A— Cll 
SIB— Cll 
S2A — C16A 
S2A— C13A 
C13A— C14A 
C13A— C12 
C14A— C15A 
C14A— H14A 
C15A— C16A 
C15A— H15A 
C16A— H16A 
S2B— C16B 
S2B— C13B 
C13B— C14B 
C13B— C12 
C14B— C15B 
C14B— H14B 
C15B— C16B 
C15B— H15B 
C16B— H16B 
01— C12 
Nl— Cll 
Nl— CI 



1.65 (5) 
1.661 (3) 
1.674 (6) 
1.729 (4) 
1.383 (7) 
1.449 (5) 
1.365 (8) 
0.9500 
1.347 (6) 
0.9500 
0.9500 
1.67 (2) 
1.728 (19) 
1.39(2) 
1.56(3) 
1.37(2) 
0.9500 
1.350 (18) 
0.9500 
0.9500 
1.230 (3) 
1.326 (4) 
1.419(4) 



Nl— H1A 
N2— C12 
N2— Cll 
N2— H2A 
CI— C2 
CI— C10 
C2— C3 
C2— H2 
C3— C4 
C3— H3 
C4— C5 
C4— H4 
C5— C6 
C5— C10 
C6— C7 
C6— H6 
C7— C8 
C7— H7 
C8— C9 
C8— H8 
C9— C10 
C9— H9 



0.8800 

1.376 (4) 
1.397 (4) 
0.8800 

1.377 (4) 
1.432(4) 
1.401 (5) 
0.9500 

1.353 (5) 
0.9500 
1.408 (5) 
0.9500 
1.407 (4) 
1.422 (4) 
1.367 (5) 
0.9500 
1.390 (5) 
0.9500 

1.354 (4) 
0.9500 
1.421 (4) 
0.9500 



C16A— S2A— C13A 
C14A— CI 3 A— C12 
C14A— C13A— S2A 
CI 2— C13A— S2A 
C15A— C14A— C13A 
C15A— C14A— H14A 
C13A— C14A— H14A 
C16A— C15A— C14A 
C16A— C15A— HI 5 A 
C14A— C15A— H15A 
C15A— C16A— S2A 
C15A— C16A— H16A 
S2A— C16A— H16A 
C16B— S2B— C13B 
C14B— C13B— C12 
C14B— C13B— S2B 



92.2 (2) 
136.0 (5) 

108.3 (4) 

115.4 (3) 
114.2 (5) 
122.9 
122.9 
112.6(5) 
123.7 
123.7 

112.5 (5) 
123.7 
123.7 
92.5 (12) 
133 (2) 
105.6(15) 



C3— C2— H2 
C4— C3— C2 
C4— C3— H3 
C2— C3— H3 
C3— C4— C5 
C3— C4— H4 
C5— C4— H4 
C4— C5— C6 
C4— C5— C10 
C6— C5— C10 
C7— C6— C5 
C7— C6— H6 
C5— C6— H6 
C6— C7— C8 
C6— C7— H7 
C8— C7— H7 



119.9 

121.3 (3) 

119.3 

119.3 

120.6 (3) 

119.7 

119.7 

121.3 (3) 

119.4 (3) 
119.3 (3) 
121.0 (3) 
119.5 
119.5 
119.9(3) 
120.0 
120.0 
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C12— C13B— S2B 
C15B— C14B— C13B 
C15B— C14B— H14B 
C13B— C14B— H14B 
C16B— C15B— C14B 
C16B— C15B— H15B 
C14B— C15B— H15B 
C15B— C16B— S2B 
C15B— C16B— H16B 
S2B— C16B— H16B 
Cll— Nl— CI 
Cll — Nl — H1A 
CI— Nl— H1A 
CI 2— N2— Cll 
CI 2— N2— H2A 
Cll— N2— H2A 
C2— CI— Nl 
C2— CI— CIO 
Nl— CI— CIO 
CI— C2— C3 
CI— C2— H2 

C 1 6A— S2 A— C 1 3 A— C 1 4A 
C 1 6A— S2 A— C 1 3 A— C 1 2 
C 1 2— C 1 3 A— C 1 4 A— C 1 5 A 
S2A— C 1 3 A— C 1 4A— C 1 5 A 
C 1 3 A— C 1 4A— C 1 5 A— C 1 6A 
C 14A— C 1 5 A— C 1 6A— S2A 
C 1 3 A— S2 A— C 1 6A— C 1 5 A 
C 1 6B— S2B— C 1 3B— C 14B 
C 1 6B— S2B— C 1 3B— C 1 2 
C 1 2— C 1 3B— C 1 4B— C 1 5B 
S2B— C 1 3B— C 1 4B— C 1 5B 
C 1 3B— C 14B— C 1 5B— C 1 6B 
C 14B— C 1 5B— C 1 6B— S2B 
C 1 3B— S2B— C 1 6B— C 1 5B 
Cll— Nl— CI— C2 
Cll— Nl— CI— CIO 
Nl— CI— C2— C3 
CIO— CI— C2— C3 
CI— C2— C3— C4 
C2— C3— C4— C5 
C3— C4— C5— C6 
C3— C4— C5— CIO 
C4— C5— C6— C7 
CIO— C5— C6— C7 
C5— C6— C7— C8 
C6— C7— C8— C9 
C7— C8— C9— CIO 



112.0 (16) 


/"■A /~i O PT 

C9 — C8 — C7 


1 TA O /T \ 

120.8 (3) 


113 (2) 


/^A P o TTO 

C9 — C8 — H8 


119.6 


123.6 


r^n r^o tto 

C7 — C8 — H8 


1 1 A / 

119.6 


123.6 


p o pa nn 

C8 — C9 — C10 


111 A /1\ 

12 1. 4 (3) 


110 (2) 


rin P n TTA 

C8 — C9 — H9 


1 1 A 1 

119.3 


1 1 c i 

125.2 


pi A PA TTA 

C10 — C9 — H9 


1 1 A 1 

119.3 


1 1 c i 

125.2 


pn / ' i / 1 p c 

C9 — C10 — C5 


117.5 (3) 


111 /i\ 

112 (2) 


p i\ p i r\ p i 

C9 — C10 — CI 


1 1 /I A /I \ 

124.0 (3) 


124.2 


p r pi a pi 

C5 — CIO — CI 


1 1 O C /"J\ 

118.5 (3) 


124.2 


XT 1 pi 1 ATI 

Nl — Cll — N2 


1 1 yl /I /I A 

114.4 (3) 


1 1 1 A /1\ 

132.4 (3) 


XT 1 P 1 1 Ci 1 A 

Nl — Cll — S1A 


1 1 O /1\ 

118 (2) 


1 1 1 O 

113.8 


XT1 p 1 1 C 1 A 

N2 — Cll — SI A 


i n 1 / 1 o\ 

117.1 (18) 


1 1 1 o 


XT 1 P 1 1 C1D 

JN1 — Cll — SIB 


1 TO £ /I \ 

128. o (3) 


1 t o pt /t\ 

128.9 (2) 


XT1 p 1 1 n 1 n 

N2 — Cll — SIB 


1 1 T A /1\ 

117.0 (2) 


115.5 


cm a p 11 ci 1 r> 

S1A — Cll — SIB 


33 (3) 


115.5 


01— C12— N2 


121.7 (3) 


124.2 (3) 


01— C12— C13A 


121.5 (3) 


119.9 (3) 


xti rn 1 i a 

N 2 — C 1 2 — C 1 3 A 


1 1 C O /1\ 

116.8 (3) 


115.9 (3) 


p\ 1 p 1 i p 1 i r> 

Ol — C12 — C13B 


1 1 1 O /A\ 

113.8 (9) 


1 OA 1 /I \ 

120.2 (3) 


xti p i piir> 

N2 — C12 — C13B 


111 O /A\ 

123.8 (9) 


lly.9 


A p 1 1 p i o o 
C 1 3 A — C 1 2 — C 1 3B 


11 A ( 1 1 \ 

11.9 (13) 


1 1 /z^\ 

3.3 (6) 


p J PC P1A p /"\ 

C4 — C5 — C 1 0 — C9 


1 TO A /I \ 

-178.4 (3) 


1 TO 1 /f \ 

178.1 (5) 


p /-_ PC /~i 1 A /"'A 

C6 — C5 — C 1 0 — C9 


A A /C\ 

0.4 (5) 


— 1 ib.i (6) 


C4 — CD — C 1 0 — C 1 


1 A (A \ 

1.4(4) 


-2.9 (8) 


P Z' P C P 1 A P 1 

C6 — C5 — C 1 0 — C 1 


1 *7 A O /I \ 

-179.8 (3) 


0.8 (11) 


P 1 P 1 P 1 A PA 

C2 — C 1 — C 1 0 — C9 


1 T /" A /I \ 

176.9 (3) 


1 A /1 1 \ 

1.9 (11) 


"KT1 p 1 P1A p A 

Nl — CI — C10 — C9 


A C /C\ 

-4.5 (5) 


-3.0 (8) 


f • -1 p i pin pc 

Cz — C 1 — C 1 U — CD 


1 O /C\ 

-2.8 (5) 


13 (4) 


\t 1 p 1 p 1 /\ p c 

Nl — CI — C10 — C5 


1 T C O /I \ 

175.8 (3) 


164 (3) 


p 1 XT 1 p 1 1 TvTI 

CI — JN 1 — Cll — JN2 


1 TO T /I \ 

178.7 (3) 


1 /^a 

-169 (4) 


p 1 XT 1 p 1 1 C 1 A 

CI — JN 1 — Cll — SI A 


1 C /I \ 

35 (3) 


-27 (5) 


p i x.T1 p i i C1D 

CI — JN 1 — Cll — SIB 


-2.6 (5) 


30 (6) 


P 1 1 TvTI P 11 XT 1 

C12 — N2 — Cll — Nl 


"1 1 /C\ 

7.1 (5) 


1 a /"ta 

-19 (7) 


nil TvTT ni 1 C 1 A 

C12 — N2 — Cll — S1A 


1 C 1 /I \ 

151 (3) 


3 (5) 


tvtt n i c 1 n 

C12 — N2 — Cll — SIB 


1*7 1 £ /I \ 

171 .6 (3) 


(\ r /c\ 

-9.6 (5) 


nil TvTT pn p, i 

Cll — N2 — C12 — Ol 


1 A ( C\ 

-3.4 (5) 


171.8 (3) 


pi ] TvTT PIT P 1 T A 

Cll — N2 — C12 — C13A 


1 nn 1 /i \ 

177.1 (3) 


1 1£ 1 /1\ 

-176.2 (3) 


P 1 1 TvTT PIT pi -in 

Cll — N2 — Cl2 — C13B 


1 C A / 1 T\ 

165.9 (17) 


2.3 (5) 


piii pita pn p. 1 

C14A — C13A — C12 — Ol 


174.0 (6) 


A 1 /C\ 

-0.2 (5) 


OTA P 1 T A PIT /' 1 1 

S2A — C 1 3 A — C 1 2 — 0 1 


1 1 /c\ 

1.2 (5) 


1 1 /C\ 

-1.3 (5) 


piii pita pn \ti 

C14A — C13A — C12 — N2 


£ C ZO\ 

—6.5 (8) 


1 TO 1 /1\ 

-178.1 (3) 


Ol P 1 T A PIT XTT 

S2A — C13A — C12 — JN2 


1 TA /I /I \ 

179.4 (3) 


A *7 /C\ 

0.7 (5) 


p l A A pit i pn pi TD 

C 14A — C 1 3 A — C 12 — C 1 jd 


111 /^^ 
122 (/) 


178.6 (4) 


S2A— C 1 3 A— C 1 2— C 1 3B 


-51 (6) 


-0.2 (5) 


C 1 4B— C 1 3 B— C 1 2—0 1 


-36 (4) 


-0.3 (6) 


S2B— C13B— C12— 01 


-176.6(15; 


0.4 (6) 


C 1 4B— C 1 3 B— C 1 2— N2 


154 (3) 


-0.2 (5) 


S2B— C13B— CI 2— N2 


13(3) 
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C8— C9— CIO— C5 


-0.3 (5) 




C14B— C13B— C12- 


-C13A 


96 (9) 


C8— C9— CIO— CI 


180.0 (3) 




S2B — C 1 3B — C 1 2— 


-C13A 


-44 (5) 


Hydrogen-bond geometry (A, ") 


D—R-A 




D — H 


R-A 


D-A 


D—R-A 


Nl— HU-01 




0.88 


1.86 


2.615 (3) 


143 


N2 — K2AS2B 




0.88 


2.57 


3.026 (14) 


113 


m—U2A-SlA> 




0.88 


2.56 


3.41 (4) 


164 


N2— H2^-SlS i 




0.88 


2.80 


3.557 (3) 


145 



Symmetry code: (i) - x+2, — y+\, — z+1. 
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